Background
Introduction
Asthma is a serious health problem affecting an estimated population of 300 million worldwide of all age groups. Asthma is defined based on characteristic symptoms and variation in expiratory airflow [1] . Patients with asthma suffer from respiratory symptoms and limited daily activities. An acute exacerbation of asthma may need urgent health care. Certain comorbidities commonly present in patients with asthma, such as gastroesophageal reflux disease (GERD), rhinitis, sinusitis, anxiety, and depression [2] [3] [4] [5] . In addition, studies have demonstrated that asthma is associated with functional gastrointestinal disorders (FGIDs) due to the activation of the immune system [6, 7] .
Irritable bowel syndrome (IBS) is a chronic FGID, which affects 10-15% of the general population, with a higher prevalence in women than in men [8] . The Rome III system is the most widely used criteria for the diagnosis of FGIDs, including for the diagnosis of IBS. Based on the Rome III system, patients fulfilling criteria of IBS for the last 3 months with symptom onset and for at least 6 months prior to diagnosis are diagnosed with IBS. Patients suffer from recurrent abdominal pain or discomfort for at least 3 days in a month in the past 3 months and have been associated with two or more of the following: 1. improvement with defecation, 2. onset associated with a change in frequency of stool, 3. onset associated with a change in form (appearance) of stool [9] . The pathophysiology of IBS is complex, involving the digestive organ dysmotility, bacterial flora alteration, visceral hypersensitivity, dysregulation of mucosal immune, and dysregulation between the central nervous system and enteric nervous system [10] .
Immune activation has been associated with both asthma and IBS. The T-helper 2 (TH2)-type immune response is well-known predominant in patients with asthma [11] . Disordered TH2 immune responses may also occur in patients with atopy related gastrointestinal disorders, including IBS [12] . Studies have found that the disordered cellular immunity could involve increased intestinal mast cell infiltration in patients with IBS [13, 14] . Pearson et al. have recently reported that a patient with severe asthma and IBS treated with anti-immunoglobulin E monoclonal antibody showed improvement of both asthma and IBS symptoms [15] . Therefore, atopy may play an important role in the shared pathophysiology of asthma and IBS.
Studies have suggested that asthma and allergic disorders are associated with IBS [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . However, most of these studies are based on small sample size, questionnaire, and cross-sectional or case-control studies. Bidirectional, large-scale, population-based cohort study has never been performed. The present study aimed to use Taiwan's National Health Insurance (NHI) database to determine whether there was a bidirectional association between asthma and IBS. This dataset is a nationwide cohort dataset that has been used for various studies on asthma or IBS [28] [29] [30] [31] .
Materials and Methods

Data source
The Bureau of National Health Insurance (BNHI) of Taiwan has established the single-payer universal insurance system since 1995. The insurance system covers over 99.5% of the 23.74 million citizens in Taiwan (http://www.nhi.gov.tw/english/index.aspx). We used the claims data of the Longitudinal Health Insurance Database (LHID), established by the National Health Research Institutes (NHRI) of Taiwan, to conduct the present study, which included one million insured people randomly selected from all beneficiaries (n = 23.72 million) in the year 2000 registry. The LHID consisted of medical information for reimbursement from 1996 to 2011. All diseases were coded based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). This study was approved by the Research Ethic Committee of China Medical University Hospital in Taiwan (CMUH-104-REC2-115). Patient records/information in the database was anonymized and de-identified prior to analysis. Fig 1 shows the process of identifying relevant study subjects for the two retrospective cohort studies. For Study 1, we identified patients aged 20 years with asthma diagnosis between 2000 and 2010 (ICD-9-CM code 493) for the asthma cohort. Those with asthma diagnosis before 2000 were excluded. To ensure the accuracy of asthma diagnosis, we selected only subjects who had received medications for asthma, including inhaled/systemic bronchodilator or inhaled/systemic corticosteroid into the asthma cohort. We excluded subjects with a diagnosis of IBS (ICD-9-CM code 564.1) before 2000 and those with incomplete medical information. For Study 2, patients aged 20 years with IBS diagnosis between 2000 and 2010 were identified from the same claims data. Those with IBS diagnosis before 2000 were excluded. Patients who had been diagnosed with asthma before 2000 and those with missing medical information were also excluded.
Study participants
We defined the first diagnosis date as the index date for each patient. For each asthma case and each IBS case identified, four controls were selected separately as comparison cohorts for the asthma cohort and for the IBS cohort, frequency-matched by age (in 5 year spans), sex, and index year, under the same exclusion criteria.
Outcome and relevant variables
We identified subjects with the diagnosis of IBS (for Study 1) or asthma (for Study 2) from the index date to December 31, 2011. Comorbidities included chronic obstructive pulmonary disease (COPD) (ICD-9-CM codes 496), gastro-esophageal reflux disease (GERD) (ICD-9-CM codes 530.11, and 530.81), allergic rhinitis (ICD-9-CM code 477), chronic sinusitis (ICD-9-CM code 473), atopic dermatitis (ICD-9-CM code 691), anxiety (ICD-9-CM code 300.00), depression (ICD-9-CM codes 296.2, 296.3, 300.4, 301.12, 309.0, 309.1, 311), and obesity (ICD-9-CM code 278). All comorbidities were confirmed before the index date and only patients with diagnostic codes that appeared at least twice within a year were enrolled.
Statistical analysis
For Study 1, the distributions of categorical demographic characteristics and comorbidities were compared between the asthma cohort and the comparison cohort, and the differences were examined using the Chi-square test. The Student's t-test was used to test the difference in mean ages between the two cohorts. We calculated follow-up person-years to assess the incidence density rates of IBS (per 1000 person-years) for each cohort. Univariate and multivariate Cox proportion hazard regression models were used to examine the relationship between asthma and the development of IBS. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. Significant variables identified in the baseline were included in the multivariate models. The proportional hazard model assumption was examined using the test of scaled Schoenfeld residuals. Results of the test revealed a significant relationship between Schoenfeld residuals for asthma and follow-up time (p < 0.01). In the subsequent analyses, we stratified the follow-up duration to deal with the violation of the assumption. The cumulative incidence of IBS was computed using the Kaplan-Meier method, and the differences between both cohorts were examined using the log-rank test. We used Cox proportional hazards regression analysis to measure hazard ratio of IBS by treatment [inhaled corticosteroid (ICS) vs. non-ICS]. We further used the number of emergency room (ER) visits for asthma to analyze the IBS risk associating with asthma control.
Similar data analysis procedures were performed for Study 2, and the proportional hazards model assumption was also examined. Results showed no significant relationship between Schoenfeld residuals for IBS and follow-up time (p = 0.96). All statistical analyses were performed using SAS 9.3 software (SAS Institute, Cary, NC, USA) for Windows. The level of significance level was set at p < 0.05, and the tests were 2-tailed.
Results
Study 1
We identified 29,648 patients in the asthma cohort and 118,591 subjects without asthma (Table 1) . There were more women in both cohorts. The asthma and non-asthma cohorts were similar in age distribution; however, the asthma cohort was slightly older based on the mean age (p < 0.001). The patients in the asthma cohort had a higher prevalence of comorbidities than those in the non-asthma cohort (all p < 0.001).
The mean follow-up time was 6.83 (SD = 3.38) years in the asthma cohort and 6.96 (SD = 3.31) years in the non-asthma cohort (data not shown). Fig 2 shows that the cumulative incidence of IBS was 3.93% higher in the asthma cohort than in the non-asthma cohort (p < 0.001) by the end of follow-up. Association between Asthma and IBS Overall, the IBS incidence was 1.9-fold higher in the asthma cohort than in the non-asthma cohort (8.26 vs. 4.36 per 1000 person-years), with a crude HR of 1.89 (95% CI = 1.74−2.01) and an adjusted HR of 1.57 (95% CI = 1.47−1.68) ( Table 2 ). The age-specific asthma to non-asthma adjusted hazard ratio (aHR) was the greatest for the youngest group: 2.04 (95% CI = 1.64−2.53). The aHR reduced to 1.32 (95% CI = 1.19-1.47) for the oldest group. The incidence of IBS was higher in subjects with comorbidity compared to non-comorbid subjects. The IBS incidence declined during the follow-up period in both cohorts, consistently greater in the asthma cohort than in the comparisons. Table 3 shows the effectiveness of treating. The IBS incidence was lower in patients with ICS treatment than those without the treatment, but not significant (aHR: 0.93, 95% CI = 0.84-1.03). Table 4 shows that the hazard of IBS increased with the frequency of ER visit, to an aHR of 20.7 (95% CI = 15.6-27.4) for those with more than twice a year of ER visits (p for trend < 0.0001), compared with the comparison cohort. Table 5 shows that both the IBS and non-IBS cohorts were dominated by women (52.8%), and 31% of the subjects were aged 35-49 years old. The mean age of the IBS cohort was slightly higher than that of the non-IBS, but significant. Comorbidities were also more prevalent in the IBS cohort (all p < 0.001). After 12 years of follow-up, the cumulative incidence of asthma was 2.83% higher in the IBS cohort than in the non-IBS cohort (p < 0.001, Fig 3) . The overall incidence of asthma was 1.8-fold higher in the IBS cohort than in the non-IBS cohort (7.09 vs. 4.03 per 1000 personyears), with an aHR of 1.54 (95% CI = 1.44−1.64) ( Table 6 ). The sex-specific and age-specific IBS to non-IBS aHRs were all significant for women and men and for all age groups. Comorbidities increased the incidence of asthma in both cohorts, with the aHR (IBS cohort to the non-IBS cohort) stronger for those without comorbidity. The asthma incidence declined over time in both cohorts, but the trend of changes in the aHR (IBS cohort to the non-IBS cohort) was limited.
Study 2
Discussion
This population-based cohort study demonstrated a bidirectional association between asthma and IBS. We found that there are a significantly higher risk of IBS in patients with asthma than in the general population, and a significantly increased risk of asthma in patients with IBS than in the general population.
In recent decades, several studies have investigated the relationship between asthma and IBS. Kennedy et al. reported earlier an independent association between IBS and bronchial hyper-responsiveness [16] . Subsequently, several small-scale case-control studies reported that the prevalence rates of IBS were higher in patients with asthma (27.5-41.3%) than in nonasthma subjects (7.93-20.8%) [17] [18] [19] [20] [21] . Huerta et al. reported a slightly increased risk of IBS in asthma patients compared to the general population (2.5 vs. 2.0 per 1000 person-years, RR: 1.3, 95% CI = 1.1-1.5) in a large UK-based population cohort [22] . They also found the use of oral steroids in asthma patients could reduce the risk of IBS. Another large-scale study in the US by Cole et al. reported a 20% increase in the incidence of IBS among asthma patients, but they failed to find the effect of oral steroids among these patients [23] . Our study also failed to show a significant effectiveness of ICS treatment in reducing the IBS risk for asthma patients. The inconsistent findings in the ICS medications propose the need for additional investigations. On the other hand, Yazar et al. found in a case-control study that the prevalence of asthma was much greater in IBS cases than in healthy controls (15.8 vs. 1.45%) based on medical history, clinical features, and the results of pulmonary function test [24] . In another case-control analysis using medical records of 30,000 patients in primary care settings, Jones et al. found patients with IBS were more prevalent with asthma history than non-IBS subjects (15.0 vs. 11.0%) [6] . In a large community survey, Amra et al. also found a near 3-fold higher prevalence of asthma in IBS patients than in non-IBS subjects (9.5% vs. 3.3%) [25] . These findings are consistent with our cohort study finding: IBS patients are at an elevated risk of developing asthma. The mechanisms behind the bidirectional association between asthma and IBS, or concomitant factors existing in these two diseases are largely unknown. Atopy may play an important role in the association. A questionnaire study has found that patients with atopic manifestations, such as allergic rhinitis, allergic eczema, and asthma, are near 3-time more likely to have IBS [7] . Individuals with hypersensitivity to food and pollen may associate with the manifestation of IBS [32, 33] . The underlying causes of inflammatory conditions can also produce respiratory and gastrointestinal symptoms, as well as smooth muscle hyperactivity [7, 23] . Other shared risks and comorbid conditions, such as smoking, GERD, mood disorders and obesity may also play a role. In addition, socioeconomic level, education, occupation, residence area and nutrition status may potentially confound both diseases, which cannot be totally corrected in this study.
It is important to note that the IBS diagnosis is criteria based, most using the Rome III criteria, which can be challenging due to overlap with other organic conditions [34] [35] [36] . The potential conditions include celiac disease, chronic small intestinal bacterial overgrowth, bile acid diarrhea, malabsorption because of exocrine pancreatic insufficiency, and inflammatory bowel disease etc. There is considerable heterogeneity in both sensitivity and specificity among studies. The sensitivity and specificity of the IBS diagnosis can be improved by verification with the data of laboratory tests, especially results of screening tests for inflammation and blood in stools [36] . However, the information of laboratory tests was not available, we could not Association between Asthma and IBS perform the validation in the present study. Among these conditions, we found that celiac disease and inflammatory bowel disease were associated with asthma [37] [38] [39] . Therefore, any misclassifications may influence our results as well. In Study 1, our findings are compatible with the well-known concept that the prevalence of comorbidities such as COPD, GERD, allergic rhinitis, chronic sinusitis, atopic dermatitis, anxiety, depression, and obesity are significantly higher in patients with asthma than in controls. Asthma patients with comorbidities had a higher incidence of IBS than those without comorbidities and non-asthma subjects with comorbidities. This may be partly explained by the fact that patients with asthma and comorbid conditions may require multiple medical visits and are at a greater risk of receiving an additional diagnosis. In addition, our study revealed that the IBS risk increased proportionately with the number of annual ER visits for asthma. Therefore, a higher incident IBS rate may be partly associated with Berkson's bias [40, 41] . Similarly, in Study 2, the prevalence rates of comorbidities, including COPD, GERD, allergic rhinitis, chronic sinusitis, atopic dermatitis, anxiety, depression, and obesity, were also significantly higher in patients with IBS than in the controls. IBS patients with any of these comorbidities had a higher incidence of asthma than those without comorbidities and non-IBS subjects with comorbidities. Thus, a higher incident asthma rate may also be partly associated with Berkson's bias.
The strength of this study is the use of a longitudinal population-based evaluation for the bidirectional relationship between asthma and IBS. It is generally costly to conduct a population-based prospective cohort study, in which loss to follow-up is problematic after years of follow-up. Therefore, using insurance claims data to conduct a retrospective cohort study is a timely economical alternative. However, there are several limitations to be considered about interpreting the study results. First, this study used the ICD-9-CM algorithm to define diseases based the clinical performance of physicians. However, the insurance authority has established an ad hoc committee to monitor the accuracy of claims data to prevent violation. In addition, we selected only subjects with repeated coding to increase the validity and accuracy of the diagnoses. Second, NHIRD does not provide detailed information on occupation, smoking habits, body mass index, diet preference, environmental exposure, or family history, although these are potential confounding factors. Our data analysis used the comorbidity variables of COPD and obesity as part of the controlling variables to substitute smoking and sociodemographic status. In addition, relevant clinical variables, such as pulmonary function tests, serum laboratory data, or imaging results, were unavailable for diagnosis validation. However, the significant bidirectional relationship between asthma and IBS has been approved in our data. The dose response association further show that the relationship is likely real.
Conclusion
This study suggests a bidirectional association between asthma and IBS. The risk of incident IBS for asthma patients is slightly greater than the risk of incident asthma for IBS patients. The association could be clinical and pathophysiological importance. Both asthma and IBS may share a similar pathophysiology underlying this association instead of a causal relationship between the two disorders. Our data suggest that there is a need to monitor asthma patients for the potential of developing IBS, and vice versa.
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